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'In  1969  a  long  series  of  studies  were  initiated  aimed  at  exploring  the 
possible  effects  of  weak  ELF  fields  on  behavior  of  monkeys  in  the  laboratory. 
It  seemed  obvious,  at  the  outset,  that  low  frequency  fields  at  levels  of 
1-100  V/m  p-p  were  not  likely  to  produce  dramatic,  sudden  onset,  behavioral 
changes.  Fields  at  those  levels  are  routinely  encountered  in  the  home  around 
60  Hz  devices.  It  was  taken  as  a  challenge  to  find  a  (1)  highly  sensitive  but 
reliable  behavioral  assay  that  could,  in  principle,  (2)  detect  thresholds  and. 
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would  allow  (3)  long  axposure  durations.  For  example,  it  seemed  vain  to  think 
that  fiva  ainutsa~of  exposure  to  a  45  Jit  field  at  10  V/m  would  affect  sny 
behavior  at  all.  final  LequifUBanET  based  on  repeated  references  in  the 
literature  to  reaction  time,  circadian  rnythums,  etc.,  was  that  the  task 
Involve  sons  kind  of  (4)  ft  la in gf  behavior.  These  four  requirements  all 
seeaed  to  be  set  by  employing  an  interresponse  time  schedule  of  reinforcement 
(IRT  task)  in  which  an  animal  is  reinforced  for  pressing  a  lever  once  every 
N  sec  within  a  specified  period  (^limited  hold'y .  If  the  animal  presses  too 
early  or  too  late,  the  timer  recycleg.  In  these  studies,  the  animal  was 
reinforced  with  a  tiny  squirt  of  appie\juice  for  pressing  the  lever  every 
3  sec  within  a  2.5  sec  limited  hold  Exposures  were  four  hours  long  anf  test 
periods  were  three  hours  long.  In  approximately  300  experiments,  four  4-hout 
replications  of  each  field  exposure  plus  an  Intermingled  no-fleld  tests  were 
done  for  each  of  five  monkeys.  Evidence  was  discovered  for  a  shift  in  the 
direction  of  shorted  inter-respotfse  times  in  the  presence  of  fields  of  a  given 
frequency  and  voltage  within  a  range  from  1-100  V/m  and  7  to  75  Hz. 

Four  major  conclusions  weie  t^fawn  from  this  study: 


(1) 


(2) 


Frequency-specificity .  The  evidence  for  a  low  threshold  for  7  Hz  is 
most  interesting.  Analagous  frequency-specificity  changes  in  calcium 
efflux  (6)-  in  in  vitro  neonatal  chick  brains  have  been  observed  in 
our  laboratory. 

Voltage.  The  data  suggest  some  degree  of  dose-dependency.  Results  at 


igs.  l 

100  V/m  p-p  were  inconclusive  and  suggest  eithTer  a  voltage-window  cf  the 
kind  observed  by  Kalmijn  (and  in  the  calcium  efflux  studies)  or  a  24-hour 
carryover  effect. 

(3)  Duration  of  exposure.  Relatively  long  exposure  durations  appear  to  have 
contributed  to  the  systematic  array  of  results. 

(4)  Behavioral  assay.  The  question  of  external  stimulus  control.  The  IRT  task 
apparently  was  adequately  sensitive  and  reliable.  A  comparison  of  our 
results  with  those  of  other  negative  primate  studies  revealed  that  in 
the  negative  studies,  behavioral  assays  included  more  traditional  tasks, 
including  reaction  time  tests,  fixed  interval  tests,  match-to-sample 
tests,  etc.,  typically  administered  in  15-minute  intervals.  Animals 
were  deprived  of  food  and  water  and  exposed  to  a  variety  of  light  and 
sound  cues  regulating  the  various  tasks.  In  the  IRT  task,  the  monkeys 
were  isolated;  they  were  not  deprived  during  testing;  there  were  no  sound) 
or  light  cues  regulating  their  behavior.  It  might  be  said  that  the 
animals  were  forced,  by  the  nature  of  the  timing  task,  to  pay  attention 
to  their  own  internal  milieu. 
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I.  INTRODUCTION 

Over  the  past  several  years,  Chert  have  been  some  drentde  reeulcs 
reported  In  observational  studies  (as  contrasted  with  laboratory 
studies)  of  the  role  of  weak  ELF  fields  in  affecting  the  survival 
behavior  of  certain  species.  One  example  of  such  a  study  is  that 
of  Kalmijn  (1)  in  which  he  demonstrated  that  sharks  use  weak,  ELF 
fields  to  detect  their  prey.  In  an  Ingenious  series  of  experiments, 
Kalnljn  demonstrated  chat  sharks  detected  a  flat  fish  burled  in  sand 
at  the  bottom  of  a  large  hold  tank  on  the  basis  of  the  weak  ELF  field 
emitted  by  the  flat  fish.  Kalnljn  estimated  this  field  to  be  on 
the  order  of  .2vV/em  and  to  cause  slowing  of  respiratory  rhythms. 

When  non-electric  cues  were  systematically  eliminated  by  the  use 
of  an  agar  chamber,  the  shark  continued  to  dive  Immediately  to  the 
burled  flat  fish.  However,  the  introduction  of  a  thick  polyethelene 
film  placed  around  the  prey  attenuated  the  electric  field  and  succeeded 
in  confusing  the  shark.  When  the  natural  field  of  the  flat  fish 
was  simulated  with  a  .AyV/cm  field  at  5  Hr  produced  by  two  electrodes 
buried  in  sand  at  the  bottom  of  the  tank,  the  shark  dove  immediately 
to  the  location  of  the  electrodes.  In  later  experiments,  Kalmljn 
observed  a  voltage  window;  l.e.,  the  effect  was  not  observed  if  a 
substantially  higher  voltage  simulation  was  used.  Special  receptors, 
the  ampullae  of  Lcrenzlnl,  were  discovered  to  account  for  the  shark's 
perception  of  the  weak  fields. 

Other  observational  studies  have  been  done  on  the  homing  and 
migration  of  birds.  The  study  of  Keeton  (2)  is  especially  interesting. 
Although  this  study  employed  weak  magnetic  fields  rather  than  electric 
fields,  it  is  described  briefly  here  because  of  an  important  methodologi¬ 
cal  point.  Keeton  strapped  tiny  magnets  on  the  backs  of  homing  pigeons 
and  observed  that  their  flight  was,  consequently,  disoriented  but 
only  on  cloudy  days.  He  concluded  that  if  the  sun  were  present  as 
a  salient  cue,  the  pigeons  iould  only  be  observed  when  strong  external 
cuer  guiding  their  behavijr  were  absent. 

New  evidence  for  di;  ruptlon  of  migration  by  weak  ELF  fields  has 
recently  been  offered  by  Williams,  Williams,  Larkin  and  Sutherland  (3). 
They  have  observed  that  migratory  birds  shoved  a  deviation  in  flight 
direction  of  5°  to  25°  around  the  Seafarer  antenna,  when  the  N-S 
axis  was  energized.  Indications  were  that  flight  direction  was  rapidly 
corrected.  This  field  was  estimated  to  be  .17  V/m  rms  at  10  meters, 
perpendicular  to  the  antenna. 

These  observational  studies  raise  the  question  of  whether  they 
represent  merely  isolated  peculiarities  of  nature  or  whether  they 
point  towards  some  fundamental  prnperty  of  nervous  systems  that  extends 
throughout  the  animal  kingdom,  including  man. 

In  1969,  we  began  a  long  series  of  studies  (Gavalas,  Walter, 

Hamer  and  Adey  (A),  Gavalas-Medlcl  and  Day-Magdaleno  (5))  aimed  at 
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exploring  che  possible  effects  of  weak  ELF  fields  on  behavior  of 
monkeys  In  the  laboratory.  It  seemed  obvious,  a*  the  outset,  that 
low  frequency  fields  at  levels  of  1-100  V/m  p-p  were  not  likely  to 
produce  dramatic,  sudden  onset,  behavioral  changes.  Fields  at  those 
levels  are  routinely  encountered  In  che  home  around  60  Hz  devices.) 

It  was  taken  as  a  challenge  to  find  a  1)  highly  sensitive  but  reliable 
behavioral  assay  that  could,  in  principle,  2)  detect  thresholds  and 
would  allow  3)  long  exposure  durations.  For  example,  It  seemed  vain 
to  think  that  five  minutes  of  exposure  to  a  45  Hz  field  at  10  V/m 
would  affect  any  behavior  at  all.  A  final  requirement,  based  on 
repeated  references  in  the  literature  to  reaction  time,  circadian 
rhythms,  etc.,  was  that  the  task  Involve  some  kind  of  4)  “timing" 
behavior.  These  four  requirements  all  seemed  to  be  met  by  employing 
an  Interresponse  time  schedule  of  reinforcement  (IRT  task)  in  which 
an  animal  Is  reinforced  for  pressing  a  lever  once  very  N  sec  within 
a  specified  period  ("limited  hold").  If  the  animal  presses  too  early 
or  too  late,  the  timer  recycles.  In  these  studies,  the  animal  was 
reinforced  with  a  tiny  squirt  of  apple  juice  for  pressing  the  lever 
every  5  sec  within  a  2.5  sec  limited  hold.  Exposures  were  four  hours 
long  and  test  periods  were  three  hours  long.  In  approximately  300 
experiments,  four  4-hour  replications  of  each  field  exposure  plus 
intermingled  no-field  tests  were  done  for  each  of  five  monkeys. 

Evidence  was  discovered  for  a  shift  in  the  direction  of  shorted  inter¬ 
response  times  in  the  presence  of  fields  of  a  given  frequency  and 
voltage  within  a  range  from  1-100  V/o  and  7  to  75  Hz. 

Figure  1  shows  the  kind  of  IRT  distributions  that  were  observed 
for  a  single  4-hour  exposure  for  a  given  field  condition  for  one 
monkey  and  compares  that  distribution  with  a  control,  no-field  test 
for  the  same  monkey.  Note  the  larger  sample  of  responses  in  each 
distribution  and  the  increasing  separation  of  the  distributions  as 
voltage  is  increased  from  1  to  56  V/m  p-p. 

Figure  2  summarizes  the  result  of  all  of  the  experiments  over 
all  monkeys  within  the  voltage  range  from  1  to  56  V/m  p-p.  The  X- 
axis  shows  changes  in  average  interresponse  times,  the  Y-axis  6hovs 
the  three  voltage  levels  tested  (lt  10  and  56  V/m;  the  different 
bars  represent  frequencies  tested).  It  may  be  seen  that  at  1  V/m, 
all  differences  are  in  the  direction  of  shorted  IRT's  but  none  is 
statistically  significant.  At  10  V/m  there  is  evidence  for  a  threshold 
change  for  7  Hz  but  not  45  Hz  or  75  Hz.  This  may  represent  the  biologi¬ 
cal  relevance  of  this  frequency;  it  is  within  the  range  of  hippocampal 
theta  for  the  monkey.  At  56  V/o,  IRT  differences  arc  much  larger 
•  and  significant  for  both  7  Hz  and  75  Hz.  Studies  of  EEC  in  two  inplanteu 
monkeys  in  this  series  pointed  towards  a  reduction  of  power  in  the 
range  of  1-3  Hz  and  shift  towards  higher  power  In  the  middle  EEC 
ranges  of  5-16  Hz.  Such  data  are  compatible  with  heightened  arousal 
and  shorter  IRT 'a. 

Four  major  conclusions  may  be  drawn  from  this  study: 
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1)  Fraquancy-spaclf iclty.  The  evidence  for  «  low  threshold 

for  7  Hz  1*  cost  interesting.  Analogous  frequency-specificity  changes 
in  calcium  efflux  (6)  in  in  vitro  neonatal  chick  brains  have  been 
observed  in  our  laboratory. 

2)  Voltage.  The  data  suggest  some  degree  of  dose-dependency. 
Results  at  100  V/a  p-p  were  inconclusive  and  suggest  either  a  voltage- 
vindov  of  the  kind  observed  by  Kalmljn  (and  in  the  calcium  efflux 
studies)  or  a  24-hour  carryover  effect. 

3)  Question  of  exposure.  Relatively  long  exposure  durations 
appear  to  have  contributed  to  the  systematic  array  of  results. 

4)  Behavioral  assay:  The  question  of  external  stimulus  control. 

The  IRT  task  apparently  was  adequately  sensitive  and  reliable.  A 
comparison  of  our  results  with  those  of  other  negative  primate  studies 
revealed  that  in  the  negative  studies,  behavioral  assays  Included 
more  traditional  tasks,  including  reaction  time  tests,  fixed  interval 
tests,  match-to-aample  tests,  etc.,  typically  administered  in  15- 
minute  intervals.  Animals  were  deprived  of  food  and  water  and  exposed 
to  a  variety  of  light  and  aound  cues  regulating  the  various  tasks. 

In  the  IRT  task,,  the  monkeys  vers  isolated;  they  were  not  deprived 
during  testing;  there  were  no  sound  or  light  cues  regulating  their 
behavior.  It  might  be  said  that  the  animals  were  forced,  by  the 
nature  of  the  timing  task,  to  pay  attention  to  their  own  internal 
milieu. 

A  quick  reminder  note  chat  this  is  quite  analogous  to  Keeton's 
interpretation  of  the  pigeon  homing  date.  This  general  finding  might 
be  paraphraaed  as  follows:  behavioral  affacts,  if  any,  of  weak  tlectrle 
fields  ere  more  likely  to  be  obeerved  In  the  absence  of  strong  external 
stimulus  control. 

A  similar  interpretation  has  been  made  in  e  number  of  studies 
in  the  area  of  behavioral  toxicology.  Figure  3  ehows  th*  results 
of  e  study  (7)  of  the  effects  of  amphetamine  on  e  DRL  (differential 
reinforcement  of  low  rates)  schedule  of  reinforcement.  This  scnedule 
is  similar  to  the  IRT  schedule,  but  leeks  a  limited  hold.  This  schedule 
revealed  a  cubaeantial  effect  of  1  mg/K  of  amphetamine  on  both  number 
of  responses  and  number  of  reinforcements.  Whet,  the  experiment  was 
modified  so  that  e  single  external  stimulus  cue  (a  light)  was  added 
to  the  onset  of  correct  interval,  the  effects  of  amphetamine  were 
completely  obliterated. 

Similarly,  data  from  Latlea  (9)  la  presented  In  Figures  4  and  i. 

This  study  demonstrate#  that  a  pigeon  worked  on  a  FCN8  (fixed  consecu¬ 
tive  number)  schedule  of  reinforcement  showed  extremely  variable 
performance  following  administration  of  methyl  mercury.  However, 
the  addlelon  of  a  light  cue,  indicating  whan  the  animal  should  shift 
to  the  reinforcement  key,  resulted  in  "normalising"  his  behavior 
so  that  the  effects  of  the  methyl  mercury  could  no  longer  be  observed. 
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The  subsequent  removal  of  the  light  revealed  that  the  behavior  once 
again  appeared  perturbed— and  Implied  that  the  effects  of  the  mercury 
were  still  present.  Ogden  Llndsley  (8)  has  aptly  labeled  the  use 
of  such  cues  a  "behavioral  pros theses." 

Finally,  a  similar  example  of  the  effect  of  external  stimuli 
control  vas  reported  in  a  recent  issue  of  the  Journal  of  Comparative 
and  Physiological  Psychology  by  Braggio  and  Ellen  (9).  In  studies 
of  brain  lesions  in  the  septum,  hippocampus,  dorsomedlal  nuclei  of 
the  thalamus  and  dorsoventral  thalamus  they  found  that  behavior  on 
a  DHL  schedule  is  disrupted  (over-responding  occurs).  The  authors 
note  that  adding  a  light  as  a  timing  cue  attenuated  the  symptom  and 
"...eliminates  the  appearance  of  any  difference  between  operated 
and  normal  animals  during  the  cued  training  period"  (p.  701). 

The  present  series  of  studies  utilised  the  methodological  principles 
described  above  to  assay  possible  behavioral  and  EEC  changes  associated 
with  the  presence  of  weak  frequency-modulated  ELF  fields  that  closely 
simulated  those  of  Project  Seafarer.  The  techniques,  description 
of  the  facilities,  etc.,  have  been  described  in  detail  in  an  earlier 
ONR  Technical  Report  (Contract  No.  N0001469A02004037,  April  1975) 
entitled  "An  Evaluation  of  Possible  Effects  of  45  Us,  60  Hs  and  75 
Hs  Electric  Fields  on  Neurophysiology  and  Behavior  of  Monkeys.  Phase 
1:  Continuous  Nave"  by  R.  Gavalas-Medlcl  and  S.  R.  Magdaleno. 

12.  METHODS 

A.  Field  Simulation.  Two  double  bronse  screened  exposure  chambers 
were  used.  Parallel  field  places  (1  meter  square)  were  spaced  50 
centimeters  apart  in  each  chamber.  A  closed  circuit  TV  camera  vas 
mounted  inside  each  enclosure  with  monitor  and  equipment  located 
outside.  There  were  no  AC  devices  inside  the  chambers  except  for 
the  well-shielded  camera  and  cables.  All  blowers,  generators,  etc., 
were  kept  outside  the  chamber.  The  rooms  were  illuminated  with  DC 
light.  "Inside"  and  "outside"  temperatures  could  be  read  remotely. 

Monkeys  were  trained  and  tested  in  Forlnger  monkey  chairs  that 
had  been  modified  so  that  as  much  metal  as  possible  vas  eliminated 
(and  replaced  with  specially  fabricated  plastic  parts). 

The  frequency-modulated  signal  vas  generated  by  a  special  device 
designed  and  fabricated  by  IITRI.  The  frequency-modulated  signal 
varied  from  72  Hz  to  80  Hz  with  a  center  frequency  of  76  Hz.  This 
frequency  modulated  field  was  tested  at  .2  V/m  p-p,  10  V/m  p-o  and 
56  V/m  p-p.  Additional  testing  was  done  with  the  same  field  vith 
10  V/m  p-p  of  60  Hz  added  on,  to  simulate  the  ambient  60  Hz  field 
that  might  occur  in  the  region  of  Project  Seafarer.  Other  tests 
were  made  at  76  Hz  CW  so  that  possible  effects  could  be  compared 
with  and  without  the  frequency  modulation.  Tests  at  7  Hz  CW  had 
been  made  in  the  1975  studies  and  those  results  suggested  a  distinctly 
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lever  threshold  for  this  biologically  relevant  frequency  (it  Is  within 
the  range  of  hippocampal  whets  for  the  monkey). 

The  electric  fields  were  measured  before  and  after  the  experiments 
by  XXTRX,  utilising  their  specially  developed  hl|h  Impedance  electric 
field  probe  and  magnetic  field  probe.  The  presence  of  the  field 
was  continuously  monitored  during  testing.  At  the  beginning  of  the 
experiments*  this  was  done  by  recording  the  signal  on  the  Great  EEC 
recorder  (used  to  reeord  EEC  data  from  luplanted  monkeys).  However* 
this  produced  a  high-pitched*  faintly  audible  noise  from  the  recording 
pens  when  the  higher  frequencies  (76  Rs*  76  mak)  were  used.  Consequently* 
the  presence  of  the  field  was  monitored  with  an  oscilloscope  to  prevent 
possible  auditory  detection  of  the  field  by  the  monkeys.  This  change 
In  procedure  resulted  in  the  inadvertent  grounding  of  one  of  the 
field  plates  and  a  resultant  Imbalance  In  the  electric  fields  between 
the  plates.  Measurements  ant*  mapping  of  the  field  were  made  by  ITTRI 
at  the  conclusion  of  the  exp  irlmant. 

The  voltage  levels  in  the  center  of  the  chamber  were  only  slightly 
affected  hy  the  Imbalance.  Field  levels  were  measured  at  ±  10Z  of 
the  expected  value  in  the  region  between  the  plates  where  the  monkey 
was  positioned. 

Conducted  current  measurements  in  a  phantom  monkey  Indicated 
that  these  values  were  substantially  higher  in  the  Imbalanced  field 
than  In  the  balanced  field  condition  (e.g.*  8.3  nanoamps  at  10  V/m  p-p 
vs.  0,35  nanoamps).  The  overall  lack  of  significant  behavioral  changes 
described  later  in  this  report  suggests  that*  in  any  case,  these 
Increased  current  values  did  not  produce  spurious  false  positive 
results. 

A  detailed  description  of  the  chambers  and  the  field  measurements 
Is  included  In  Appendix  II  ("Electromagnetic  Field  Measurements 
In  Support  of  Primate  Behavioral  and  EEG  Studies"  by  Gauger*  J.R. 
and  Robertson.  N.C.). 

B.  Experimental  Design  -  Behavior.  Behavioral  protocols  have 
been  described  in  the  ONR  1975  Technical  Rsport  and  In  related  publications 
(see  References  at  end  of  this  report).  The  rationale  for  the  use  of 
the  interresponse  time  schedule  of  reinforcement  as  a  behavioral 
assay  has  been  discussed  in  Appendix  B,  "Behavioral  Assays  of  Possible 
Weak  ELF  Effects:  Comments  and  Recommendations"  In  a  1977  report 
of  the  "Biologic  Effects  of  Electric  and  Magnetic  Fields  Associated 
with  Proposed  Project  Seafarer"  by  the  National  Research  Council* 

National  Academy  of  Sciences.  (See  Appendix  III,  this  Report.) 

Briefly*  this  schedule  of  reinforcement  entails  training  the 
monkey  to  press  a  lever  once  every  N  sec  (5  sec)  within  a  specified 
time  "window"  (Z.5  sec).  As  In  the  CW  studies  reported  in  1975* 
animals  were  trained  for  approximately  100  days  for  three  hours  per 
day  at  the  same  time  everyday  until  psrformance  levels  reached  about 


SOt  correct.  Animals  vtri  maintained  on  •  oeondord  laboratory  dlat 
(monkey  show  pellets,  fruit  and  water)  and  eorraet  raaponaas  on  tha 
IRT  task  vara  ralnforcad  vlth  anall  squirts  of  apple  juice.  Animals 
vara  taatad  In  adaptad  Porlnger  monkey  ehalra  five  days  a  vaak  and 
rat urn ad  to  their  hcaa  cage*  ovar  tha  vaakand. 

Six  anlnala  (two  implanted  with  EEG  alaetredaa  and  four  lnplantad) 
vara  taatad  in  a  counterbalanced  aariaa  of  taata  at  10  V/a  p-p. 

Ona  laplantad  anlaal  dlad  of  causes  unralatad  to  tha  experiment  and 
tha  remaining  flva  vara  taatad  at  an  array  of  frequencies  at  50  V/a. 
Tatting  at  56  V/a  and  10  V/a  vaa  eountarbalanead  for  tha  flva  anlnala. 

At  tha  conclusion  of  thaaa  axparlnanta,  four  anlnala  (tvo  lnplantad 
and  tvo  unlnplantad)  vara  retrained  to  tha  criterion  of  BOX  and  than 
taatad  at  .2  V/a  p-p,  a  level  chosen  to  correspond  to  field  levels 
aeasured  near  tha  Project  Seafarer  antenna.  frequencies  taatad  at 
all  three  voltage  levels  Included  76  Rs  frequency  aodulated,  76  Rs 
frequency  nodulated  vlth  10  V/a  p-p  of  60  Hx  added  in,  76  Hz  CW  and 
7  Rs  CW,  Control  (no-flald)  testa  vara  interspersed  vlth  field  taata 
in  a  counterbalanced  design  and  no-flald  "carry-over"  taata  followed 
every  day  of  field  exposure.  Monday  vaa  routinely  considered  a  practice 
day.  In  all  cases,  aonkeya  vara  exposed  to  tha  fields  for  tour  hours 
and  tested  in  the  behavioral  task  during  hours  tvo,  three  and  four. 

On  control  tests,  the  anlaale  simply  sat  in  the  ehaaber  for  one  hour 
befere  testing  began.  The  protocol  for  these  axperinents  differed 
froa  the  protocol  for  the  CV  studies  in  three  vays:  1)  "Carry-over" 
teats  were  done  in  this  scries  of  teats  and  not  in  the  CW  tests, 

2)  only  two  replications  of  each  field  condition  vers  performed  rather 
than  four,  3)  conditions  were  randomly  assigned  in  the  CW  study  and 
counterbalanced  in  the  present  study. 

In  addition,  prellalnary  training  of  the  aonkeys  was  done  in 
a  modified  version  of  the  7.5  sec  IRT  >5  sec  task.  An  attempt  was 
made  to  make  the  task  aore  sensitive  to  possible  field  effects  by 
pretraining  the  anlaale  on  an  18  sec  <IRT>12  sec  task  and  testing 
them  on  a  15  sec  <IRT>  12  sec  task.  It  vas  hypothesised  that  the 
relatively  wide  training  "window"  could  allow  the  animals  a  larger 
aargln  of  improvement  (markedly  shorter  XRT's)  under  approprla  e 
field  conditions.  However,  this  technique  produced  too  much  vs:. ability 
in  responding  and  vas  discontinued.  All  animals  vers  than  retrained 
in  the  7.5  sec  <IRT>5  sec  task  used  in  tha  1975  CW  studies.  This 
fact  may  be  of  special  significance  because  IRT  values  were  substantially 
smaller  in  the  present  study  for  all  conditions,  including  control 
conditions,  than  in  the  CW  study. 

Por  all  conditions  behavioral  data  vers  recorded  on  an  PR  1260 
Ampax  tape  recorder.  The  analog  tapes  were  digitised  and  then  analysed. 
Each  response  of  the  animal  vas  trilled  as  a  function  of  time  elapsed 
since  the  imaedlately  preceding  rearonse.  lin  vidth  for  analysis 
vas  set  at  .1  sec  and  175  bins  were  counted.  Histograms  vers  printed 
for  the  total  three  hour  sessions  and  for  consecutive  15-ainute  sessions. 
Means,  medians,  nodes  and  standard  deviations  were  routinely  calculated 
for  each  experiment. 
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C.  Experimental  Datltn  -  EES.  Two  of  tho  animals  vin  Implanted 
with  ao  array  of  bipolar  EEC  electrodes  (aaa  tho  April  1975  raport 
for  a  complete  description  of  techniques). 

tSG  data  for  all  experiments  at  10  V/n  and  SO  V/a  vara  tapa  record  ad, 
digitised  aad  analysed.  Tlaa  did  not  allow  for  analyala  of  CSC  data  at 
.2  V/a.  Data  vara  aaaplad  froa  tha  laat  hour  of  tha  experiment  for 
a  oat  of  12  or  aora  correct  and  12  or  aora  lneorract  reapoasaa. 

Tha  EEC  data  vara  enalysad  froa  tha  and  of  tha  laat  raapoaaa 
pulaa  to  tha  onaat  of  tha  aorract  or  lneorract  raaponaa  pulaa  to 
ha  analyaad.  Saaploa  vara  dravn  froa  tha  and  of  tha  exposure  period. 

All  available  samples  vara  uaad  In  tha  analyala  vlth  tha  exception 
of  a  few  vlth  obvious  largo  aovcaant  artifacts.  Spectral  analyala 
vaa  dona  for  aaeh  raaponaa  augment;  resolution  vaa  sat  at  1  Ha  and 
covered  tho  range  1-32  Ha.  The  subsets  of  correct  and  Incorrect 
responses  vers  verged  for  aaeh  axperlatant  and  than  verged  across 
replications  of  a  given  field  condition  or  a  control  condition. 

This  resulted  In  a  sample  of  approximately  24  or  more  correct  and 
approximately  24  or  more  Incorrect  responses  for  each  experimental 
condition  and  approximately  48  or  vora  of  each  response  for  the  control 
condition.  These  verged  spectra  vara  plotted  as  percentages  of  total 
power.  In  order  to  provide  an  Index  of  possible  changes  In  total 
power  over  time. 

Brain  structures  assayed  included  for  animal  A:  the  right  hippocampus 
left  hippo?  uapus,  and  right  amygdala  at  10  V/v.  At  56  V/v,  the  right 
amygdala  an<  right  and  left  centre  median  vara  recorded.  Vor  animal 
G:  the  right  hippocampus,  right  superior  colliculus,  and  right  temporal 
lobe  ware  recorded  for  both  10  and  56  V/v. 

Because  recordings  were  vada  from  only  two  animals,  no  Inferential 
statistics  vara  calculated.  Instead,  tha  complete  data  sat  of  percent 
power  graphs  is  presented  In  Appendix  I. 

II.  RESULTS 

A.  Behavior.  Mean  IRT's,  standard  deviations,  number  of  responses, 
and  percent  correct  are  presented  for  each  voltage  level  tested  in 
Tables  1-6.  In  all  cases,  tha  mean  IRT  for  each  replication  is  weighted 
by  the  number  of  responses  in  that  replication.  The  veana  and  standard 
deviations  therefore  represent  weighted  means  across  replications 
for  each  condieion  for  each  animal.  There  is  no  obvious  ordering 
of  effects  at  .2  V/v  p-p.  It  may  be  seen  that  the  control  condition 
(0/0  c)  falls  In  rank  1  (the  shortest  IRT)  in  two  cases  and  in  ranks 
3  and  4  in  tha  other  tvo  eases. 

At  10  V/v  (Table  3)  there  is  some  indication  of  a  possible  affect 
for  the  76  Ha  frequency-modulated  field  (76  a)  since  the  mean  IRT 
for  this  condition  falls  in  rank  1  for  four  of  the  six  animals. 

However,  this  consistency  is  not  apparent  in  the  veaaureaente  of 
variability. 


At  56  V/a  it  My  ba  noted  that  tha  7  Hi  CV  {laid  la  aaaoelatad 
with  a  ehorter-than-control  aaan  ZHT  for  aach  of  tha  fin  enlmals. 

Tha  aaaoelatad  ataadard  d aviation  la  smaller  for  four  at  tha  fiva 

anlaala* 

Descriptive  _t  atatlatlea  for  no* f laid  minus  (laid  moan  XKT  value 
aerosa  anlaala  are  prasantad  In  Tahla  7.  It  may  ha  aaan  that  tha 
only  atatlstlcully  altnlf leant  diffaranea  oeeura  at  10  V/a  for  tha 
76  Ha  frequency-nodulated  condition.  However,  in  view  of  tha  largo 
array  (IS)  of  t,  taata  and  tha  laek  of  any  affaet  at  36  V/a,  thin 
finding  may  vaTl  he  due  to  ehanea*  Zt  la  surprising  that  ao  many 
negative  valuaa  appear  for  tha  *2  V/a  teats.  This  may  ha  due  to 
tha  faet  that  this  teat  aarlaa  followed  tha  others  in  time.  Tha 
anlaala  vara  exceedingly  wall  trained  at  this  point  and  their  average 
control  value  was  S.2S  sec  as  eoaparad  with  a  eontrol  value  of  5.37  . 
for  tha  56  V/a  testa  and  5*51  for  tha  10  V/a  testa* 

Mora  positive  differences  appear  at  tha  higher  voltage  levela 
than  tha  lower  levels,  suggesting  soaa  "dose  dependency"  in  tha  array. 

Tha  7  Ha  condition  la  associated  with  relatively  large  positive  differ* 
ances  at  10  V/a  and  56  V/a;  these  diffaraneas  approach  hut  do  not 
reach  statistical  significance.  This  finding  would  scan  to  he  in 
general  agreaaant  with  the  1975  CW  studies  which  indicated  an  affect 
for  7  Ha  at  10  V/a  and  an  even  larger  affect,  at  56  V/a  (sea  Table  8) . 

The  robustness  of  these  earlier  findings  nay  well  he  due  to  the  greater 
number  of  replications  (4  vs.  2)  la  the  1975  study.  Zf  the  10  V/a 
data  for  7  Ha  are  contained  serosa  the  two  studies,  the  average  different 
Is  .062,  the  standard  error  is  .044,  and  the  j:  is  1.876  and  significant 
at  the  .05  level  (one-talled) .  Similarly^  if  data  for  7  Ha  at  56  V/a 
p-p  are  combined  across  the  two  studies,  £  is  *172,  Sg  -j  •  .077,  jt 
is  2.234  and  significant  at  the  .01  level.  1  * 

Extensive  analysis  of  varlanea  across  different  subsets  of  the 
present  data  set  present  no  surprises. 

A  simple  one-way  analysis  of  variance  within  voltage  levels 
(Table  9)  reveals  no  significant  Fvs  at  any  level.  The  largest  I 
Is  associated  with  frequency  of  the  field  at  10  V/a  (f  ■  1.43)  and 
reflects  the  £  statistic  reported  for  the  76  Bs  frequency-aodulated 
field  at  that- level. 

Two-way  analyses  of  variance  are  shown  in  Table  10  where  field 
frequency  and  the  subgroups  of  Implanted  monkey*  A  and  G  versus  unlaplanted 
monkeys  are  considered  within  voltage  levels.  A  relatively  high  T  (7.88) 
occurs  for  Implanted  vs.  unimplsnted  snlmals  st  ths  highest  voltage 
level  (56  v/a  p-p) .  All  means  reveal  that  the  two  laplanted  monkeys 
have  a  longer  ZH  (5.514  see)  and  the  unlaplanted  have  s  shorter 
average  ZXT  (5.294  sec). 


Besults  of  tnree-wsy  analyses  of  variance  (comparing  field  frequency. 
Implanted  vs.  unlaplanted  and  two  voltage  levels)  are  shown  in  Table  11. 


Mo  significant  offsets  ars  observed  for  .2  V/m  vs.  10  V/a  or  for 
•2  V/a  vs.  36  V/a.  Whan  10  V/a  is  contras tad  with  56  V/a,  s  significant 
interaction  Is  observed  for  field  frequency  and  whether  or  not  the 
monkey  Is  Implanted.  This,  again,  reflects  the  fact  that  the  two 
Implanted  animals  appear  to  be  relatively  "alow"  responders  in  this 
experiment.  At  10  V/a,  the  average  1RT  for  the  76  Ms  modulated  condition 
la  3.770  for  implanted  aonkeys  and  3.127  for  unimplsnted  monkeys. 

The  M's  Involved  In  these  comparisons  are  very  small  (2  vs.  3  and 
2  vs.  6).  Therefore,  these  results  should  not  be  over- Interpreted. 

During  the  long  test  aeries,  the  field  was  inadvertently  unbalanced, 
as  described  earlier.  Two  monkeys  (A  sad  G)  had  already  been  tested 
In  the  balanced  field  mode  at  10  V/a  and  one  monkey  (J)  had  been 
tested  in  the  balanced  field  at  56  V/m.  As  a  precaution,  some  analyses 
of  variance  were  done  on  the  larger  (unbalanced  mode  group)  to  be 
sure  that  this  procedural  change  had  not  markedly  affected  performance. 
Table  12  suamarlaes  these  data.  Data  at  .2  V/m  are  identical  since 
all  aonkeys  were  run  in  the  same  mode.  At  10  V/m  p-p,  field  frequency 
produces  a  significant  F  (3.42).  This  undoubtedly  reflects  the  shorter 
UtT's  associated  with  the  76  Hs  modulated  field  that  were  described 
earlier. 

At  56  V/m,  the  analyses  of  variance  results  are  approximately  the 
same  with  or  without  the  one  balanced-field  monkey  included. 

Additional  analyses  of  variance  were  done  with  only  those  monkeys 
exposed  to  the  unbalanced  field.  These  results  are  similar  to  those 
observed  when  all  animals  are  included  in  the  analysis.  A  relatively 
high,  but  not  significant,  F  is  observed  for  implanted  vs.  uninplanted 
monkeys  at  36  V/m,  with  implanted  monkeys  showing  slower  scores;  this 
result  also  appeared  in  the  complete  data  set. 

In  summary,  the  data  at  this  point  indicate  that  the  frequency- 
modulated  fields  have  no  effect  on  monkeys'  performance  on  the  IRT 
task.  A  possible  exception  to  this  is  suggested  by  the  t  test  reported 
for  the  76  Hs  frequency-modulated  field  at  10  V/m.  However,  the  lack 
of  any  other  corroborating  evidence  makes  it  rather  unlikely  that 
this  is  more  than  a  chance  occurrence. 

There  is  weak  evidence  for  frequency  specificity  with  relatively 
large  field-control  differences  being  observed  for  the  7.  Hs  condition, 
as  they  were  in  the  1975  study.  The  weakness  of  this  offset  may 
be  due  to  the  decreased  number  of  replications  (2  vs.  4)  or  it  may 
be  due  to  the  overall  faster  performance  of  the  monkeys  in  the  present 
experimental  series.  Figure  6  shows  a  comparison  of  average  control 
values  and  7  Hs  field  values  for  the  1975  and  1978  studies.  It  is 
possible  that  the  animals  in  the  present  study  were  performing  close 
to  an  asymptotic  level  of  performance  (l.e.,  near  the  start  of  the 
reward  period)  so  that  further  shortening  of  IRT's  would  cause  the 
animal  to  begin  to  press  too  early  and  lose  reinforcements.  A  rank 
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order  correlation  of  control  IRT's  and  observed  7  Hz  field-produce < 
difference  scores  Is  shown  In  Table  14.  When  the  1975  and  1978  dz' 
are  combined,  the  Rho  la  .62  and  significant  at  the  0.5  level.  Thi 
lends  support  to  the  notion  that  large  field-produced  differences 
could  be  less  likely  to  be  seen  in  the  present  series  where  animals 
had  been  extensively  pretrained. 

In  a  June  31,  1978  quarterly  report,  a  series  of  studies  on  flel 
related  calcium  efflux  from  neonatal  chick  brains  (S.  M.  Bavin  and 
V.  K.  Adcy)  have  been  described.  As  in  the  1975  behavioral  CW  stud! 
ELF  frequencies  within  EEC  range  (6  and  16  Hz  in  the  ease  of  the  chit 
7  Hz  for  the  monkey)  resulted  in  statistically  significant  changes. 

For  the  monkeys,  behavioral  changes  were  observed  at  7  Hz,  10  V/m 
and  larger  changes  were  observed  at  7  Hz,  56  V/m.  For  the  chicks, 
a  significant  decrease  in  calcium  efflux  was  observed  for  6  and  16  Hz 
at  10  V/m.  Differences  of  about  the  same  magnitude  were  observed 
at  56  V/m  p-p  (see  Table  15). 

Similar  calcium  studies  were  undertaken  with  the  same  array  of 
frequency-modulated  fields  described  in  the  present  behavioral  studies. 
The  results  are  remarkably  comparable  to  those  observed  with  the 
IRT  task.  Hone  of  the  modulated  fields  produced  a  significant  effect 
on  calcium  efflux.  The  largest  change  observed  was  for  the  76  Hz 
frequency-modulated  field  with  voltage  level  set  at  10  V/m  (see  Table 
16).  This  ifield  condition  also  resulted  in  the  largest  perturbation 
of  behaving  in  the  monkey  studies. 

Bo  EEC  Results.  In  earlier  studies,  changes  in  hippocampal 
activity  had  been  noted  for  some  field  conditions.  In  the  present 
study,  there  is  evidence  for  somewhat  more  activity  in  the  4-16  Hz 
range  for  both  animals  for  all  field  conditions,  relative  to  the 
control  condition.  This  suggests  a  nonspecific  heightened  arousal 
during  field  exposure  similar  to  that  described  in  the  1975  study. 

Behavioral  changes  in  this  study  were  observed  during  exposure 
to  the  10  V/m  76  Hz  frequency-modulated  condition.  The  EEC  graphs 
indicate  a  peak  at  about  4  Hz  for  Animal  A  (R.  hippocampus)  at  10  V/m. 
However,  this  peak  does  not  appear  for  Animal  G. 

Other  brain  structures  tested  do  not  present  marked  changes  during 
field  exposure.  Small  changes  relative  to  the  control  condition 
appear  to  be  attributable  to  chance.  They  are  not  consistent  across 
voltage  levels  nor  across  asi/als. 

IV.  SUMMARY  AND  CONCLUSIONS 

A.  Frequency-Modulated  Fields .  With  one  exception,  none  of 
the  76  Hz  frequency-modulated  fields  (either  with  or  without  10  V/m 
p-p  of  60  Hz  added  on)  produced  any  significant  change  in  behavior 
as  measured  by  an  Interresponse  time  schedule  of  reinforcement. 


Voltage  1  avals  of  .2  V/»,  10  V/m  and  56  V/a  p-p  vara  assayed.  Tha 
pofalble  exception  la  a  raducad  Interresponse  claa  for  tha  76  Bt 
modulated  field  at  10  V/a  p*p.  However,  tha  affaet  doaa  not  appaar 
at  althar  lower  or  higher  voltag a  lavala  (aaa  Figure  7)  and,  Indeed, 
tha  observed  difference  la  In  tha  opposite  direction  In  those  tests. 
Furtheraore,  analyses  of  variance  data  at  10  V/a  do  not  shov  a  field 
frequency  effect. 

Bata  Iron  the  calclua  efflux  studies  are  raaarkably  compatible 
with  tha  behavioral  results.  No  significant  changes  ere  observed 
for  any  of  the  frequency-nodulated  fields  at  any  voltage  level. 

As  in  the  aonkey  studies,  the  largest  difference  cbsarved  is  for 
the  76  Ha  frequency-aodulated  field  at  10  V/a  p-p. 

Taken  together,  these  data  essentially  present  a  picture  of  no 
effect  for  the  frequency-nodulated  fields.  The  possibility  of  a 
borderline,  nearthreshold  effect  at  10  V/a  suggests  that  aore  testing 
(both  behavioral  and  neuroehsaical)  aight  be  performed  at  that  level. 
However,  that  la  well  above  expected  field  levels  around  Fro  j act 
Seafarer  (.2  V/a  p-p). 

B.  CU  Fields.  An  extensive  series  of  studies  on  CW  fields  and 
interresponse  tine  behavior  was  reported  by  this  laboratory  in  1975. 

These  studies  indicated  a  frequency-specific  affect:  naaely,  a  low 
threshold  for  a  CW  field  within  EEC  range  of  the  performing  aonkey 
(see  Figure  B).  Zn  the  present  etudy,  the  7  Hz  field  produced  relatively 
large  positive  changes  at  both  10  V/a  p-p  and  56  V/a  p-p.  These  differ¬ 
ences  approached  but  did  not  achieve  statistical  significance.  It 
has  been  suggested  that  1)  pretraining  of  the  aniaala  and  2)  reduced 
number  of  replications  aay  have  lowered  the  value  of  the  observed 
differences.  If  data  are  combined  for  the  1975  end  1978  studies, 
results  remain  significant  at  both  voltage  levels. 

Studies  of  calclua  efflux  la  neonatal  chick  brains,  again,  show 
a  very  good  concordance  with  the  behavioral  results.  Systeaatlc 
decreases  in  calclua  efflux  were  observed  at  10  V/a  p-p  and  56  V/a 
p-p  for  EEG  range  CW  field  frequencies  (6  Hz  and  16  Hz)  for  the  chicks. 

In  conclusion,  both  the  behavioral  and  neurocheaieal  studies 
suggest  that  the  frequency-modulated  fields  era  not  likaly  to  perturb 
behavior  or  eelciua  efflux  at  the  frequencies  and  voltages  tested. 

The  aaxlaal  effect  observed  was  a  borderline  change  at  10  V/a  p-p 
for  the  76  Bs  frequency-aodulated  field. 

The  CW  studies  interpreted  la  the  context  of  the  earlier  studies 
(1970  and  1975)  support  the  general  hypothesis  of  frequency  specificity 
and  auggest  that  ILF  fields  that  ere  biologically  relevant;  l.e., 
within  EEG  range,  aay  have  substantially  lever  thresholds  than  either 
CW  fields  outside  that  frequency  range  or  frequency-aodulated  fields 
outside  that  range. 
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T*bl«  1 


ONR-MSK  .2  V/a 

RANK  ORDER  WEIGHTED  MEAN  IRT  AND  STANDARD  DEVIATION 
(Entire  Experiment  -  Lett  Sin  Excluded) 


Aniaal  A 

AnlTfil  B 

Aniaal  J  (u) 

Aniaal 

N  (u) 

Cond. 

X 

Cond. 

I 

I 

Cond. 

X 

76  M 

5.14 

O/Oc 

5.15 

O/Oc 

5.46 

76/60 

5.09 

76 

3.17 

76/60 

5.18 

O/Ox 

5.46 

76M 

5.11 

O/Oc 

5.20 

O/Ox 

5.20 

* 

t 

5.46 

O/Ox 

5.16 

7 

5.25 

7 

5.22 

76 

5.57 

O/Oc 

5.18 

O/Ox 

5.26 

76M 

5.22 

76M 

5.60 

76 

5.21 

76/60 

5.39 

76 

5.42 

76/60 

5.64 

7 

5.36 

Cond. 

0 

Cond. 

0 

Cond. 

0 

Cond. 

0 

7 

.83 

O/Oc 

.80 

O/Ox 

1.14 

76M 

.72 

76M 

.84 

76M 

.83 

76M 

1.30 

76/60 

.73 

76 

.91 

O/Ox 

.90 

O/Oc 

1.36 

76 

.85 

O/Ox 

.97 

7 

.96 

76/60 

1.40 

O/Ox 

.93 

76/60 

1.03 

76 

1.07 

7 

1.42 

O/Oc 

.95 

O/Oc 

1.04 

76/60 

1.10 

76 

1.52 

7 

1.30 

(u)  indicates  unimplanted  aniaal 
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Table  2 


ORR-MSK  .2  V/a 

£aNK  ORDER  NUMBER  OF  RESPONSES  (H) 
AMD  PERCENT  CORRECT  (X) 


Animal  A 

Animal  J 

(«) 

Animal  R  (u) 

Animal  G 

Cond. 

N 

Cond. 

R 

Cond. 

R 

Cond. 

N 

O/Ox 

1149 

O/Ox 

605  . 

O/Oc 

1689 

O/Ox 

77( 

76 

988 

76 

574 

7660 

1553 

7 

71< 

7 

947 

O/Oe 

434 

76 

1397 

76M 

7N 

76M 

787 

76M 

402 

76M 

1330 

O/Oc 

634 

O/Oc 

7660 

388 

O/Ox 

1300 

76 

57! 

7660 

734 

7 

385 

7 

870 

7660 

56 

Cond. 

_ X_ 

Cond. 

_ x_ 

Cond. 

_ X_ 

Cond. 

X 

7660 

88 

O/Ox 

87 

76 

78 

7 

82 

76 

82 

76M 

84 

76M 

78 

76M 

81 

7 

81 

76 

81 

O/Ox 

76 

76 

80 

O/Oc 

81 

O/Oc 

81 

O/Oc 

72 

O/Ox 

77 

76M 

80 

7660 

81 

7 

70 

O/Ox 

77 

O/Ox 

77 

7 

77 

7660 

69 

7660 

76 

(u)  indicates  un implanted  animal 


Table  3 


ONR-MSK  1C  V/m 

RANK  ORDER  WEIGHTED  HEAR  ZRT  AMD  STANDARD  DEVIATION 
(Entire  Experiment  -  Last  Bin  Excluded) 


Animal  A 

Animal  G 

Animal  J(u) 

Animal  N(u) 

Animal  R(u) 

Animal  L(u) 

_ i. 

Cond, 

_X 

Cond. 

X 

Cond. 

X 

Cond. 

X 

Cond. 

X 

O/Om 

3.88 

76 

5.29 

76M 

5.29 

76M 

3.19 

76M 

6.90 

76M 

5.3: 

7 

5.89 

7 

5.36 

O/Ox 

5.36 

O/Oc 

5.23 

7660 

5.01 

7660 

5.3» 

76M 

3.91 

O/Ox 

5.37 

O/Oc 

3.38 

•  O.Ox 

5.26 

O.Oc 

5.20 

7 

5.6l 

O/Ox 

6.00 

O/Om 

5.65 

7 

5.61 

7 

5.27 

O/Ox 

3.26 

76 

5.5' 

O/Oc 

6.13 

7660 

3.35 

7660 

5.51 

7660 

5.28 

7 

5.33 

O/Oc 

3,5: 

7660 

6.16 

O/Oc 

5.62 

76 

3.57 

76 

5.31 

76 

5.36 

O/Ox 

5,5< 

76 

6.26 

76M 

*.63 

Cond. 

0 

Cond. 

0 

Cond. 

0 

Cond. 

0 

Cond. 

a 

Cond. 

0 

7 

1.37 

76 

.89 

76M 

1.12 

7 

.75 

76 

1.55 

7660 

1.2 

O/Oc 

1.55 

7660 

.99 

O/Ox 

1.12 

76M 

.77 

7 

1.73 

O/Ox 

1.3 

O/Ox 

1.55 

76M 

1.08 

O/Oc 

1.16 

O/Oc 

.81 

O/Oc 

1.80 

O/Oc 

1.6 

76 

1.59 

O/Ox 

1.11 

7 

1.26 

76 

.90 

76M 

1.85 

76 

1.5 

76M 

1.63 

O/Om 

1.11 

7660 

1.37 

7660 

.93 

O/Ox 

1.86 

76M 

1.5 

7660 

1.66 

7 

1.17 

76 

1.55 

O/Ox 

1.02 

7660 

1.99 

7 

1.5 

O/Om 

1.66 

O/Oc 

1.25 

Legend 

7  -  7  Hs 
76  •  76  Hs  CW 

76M  ■  76  Hs  frequency  modulated 

7660  ■  76  Rs  frequency  modulated  plus  60  Hs  9  10  V/m  p-p 
j  0/0*  -  Monday 

O/Oc  ■  Control 
[  O/Oxr  •  Carryover  day 

u  •  unimplanted  animal 

t 

i 
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Tabla  4. 


ONK-MSK  10  9/m 

Mint  oust  mukiu  or  uspowsis  at)  axd  pucut  comict  U) 

(Sntlra  Experiment  -  La*t  tin  Included) 


Aaim»l  A  Animal  G  Anlatl  J(u)  Animal  H(u) 
ond.  M 


Anlatl  K(u)  Animal  L(u) 


0/Oc 

1226 

• 

76 

1061 

76 

1252 

0/0* 

1112 

7 

1245 

O/Oc 

1240 

0/Ox 

1264 

7 

1241 

70 

0/0* 

77 

7660 

69 

O/Oa 

77 

71 

7 

79 

76 

70 

O/Oc 

78 

79 

O/Oc 

80 

0/0* 

70 

76 

80 

81 

76M 

81 

O/Oc 

70 

7 

82 

83 

7660 

81 

7660  62 


76M  63 

76  65 

0/Ox  69 

7  74 


7on  /  j 
7660  75 

76  77 

0/0c  78 


Lagand 

7  -  7  H* 

76  -  76  H*  CW 

76M  -  76  Ha  frequency  modulatad  . 

7660  ■  76  Ha  fraquancy  modulatad  plus  60  Ha  C  10  V/m  p-p 

0/0m>  Monday 
0/Oc  ■  Control 
0/0at  ■  Carry-ovar  day 
u  •  amlmplantad  animal 


Ttbl*  5 


OMt-HSK  36  V/« 

SANK  OXDEt  WEIGHTED  KEAN  U.T  AND  STANDARD  DEVIATION 


Aala*l  A 

SaaA^JL 


7660 

5.36 

0/0* 

3.37 

7 

S.3S 

75 

5.62 

76M 

3.50 

O/Oc 

5.61 

Cottd. 

n 

7 

.75 

76M 

.81 

0/0* 

.87 

O/Oc 

1.15 

7660 

1.19 

76 

1.23 

Anted  6 

Anted  J(u) 

Anted  N(u) 

Anted  E(u> 

Cond. 

-JL 

Cond. 

Cond. 

_2 _ 

Cond. 

-JL 

0/0* 

5.60 

7 

3.31 

7660 

5.18 

7 

5.15 

7 

3.67 

7660 

5.32 

7 

5.21 

76M 

5.18 

0/0c 

5.69 

O/Oc 

5.36 

O/Oc* 

5.21 

76 

3.20 

76 

5.63 

76 

5.35 

76 

5.25 

0/0* 

5.20 

7660 

5.75 

0/0* 

5.62 

76M 

5.26 

0/0* 

5.63 

76M 

5.81 

76M 

5.66 

0/0* 

5.28 

7660 

5.31 

0/0* 

5.65 

Cond. 

o 

Cond. 

0 

Cond. 

0 

Cond. 

0 

0/0* 

.89 

76 

.76 

7 

.65 

7 

1.52 

O/Oc 

.93 

7 

.77 

O/Oc 

.71 

O/Oc 

1.69 

76 

1.02 

O/Oc 

1.02 

76M 

.71 

76 

1.71 

7 

1.16 

7660 

1.10 

76 

.76 

7660 

1.71 

76M 

1.22 

0/0* 

1.12 

7660 

.80 

76M 

1.79 

7660 

2.05 

76M 

1.15 

O/Ox 

.85 

O/Ox 

1.81 

0/0* 

1.29 

Tabl*  6. 


0NR-M3K  36  V/« 

RAidC  ORDER  HUMBER  OP  RESPONSES  (N)  AND  PERCENT  CORRECT  (X) 


.  A. 

Aalaal  0 

Aainxl  J(u) 

AAiMl  N(u) 

Animal  K(u) 

it 

Cond . 

H 

Cond. 

H 

Cond. 

M 

Cond. _ 

H 

76M 

316 

76M 

240 

76M 

.  1187 

O/Ox 

984 

7  on 

1349 

7 

393 

7 

313 

O/Ox 

1302 

76 

1067 

7660 

1337 

7660 

602 

7660 

582 

7 

1320 

7660 

1206 

O/Oc 

1423 

76 

634 

76 

797 

O/Ox 

1490 

76M 

1295 

O/Ox 

1477 

O/Oc 

638 

O/Ox 

886 

O/Oc 

1356 

O/Oc 

1346 

76 

1557 

O/Ox  85 
O/Oc  87 


Table  7 


DESCRIPTIVE  t  STATISTICS  ACROSS  FREQUENCIES 

(Ho- field  1ST  (X1J#C  - 

Field  1ST  (Xj^) 

(Two-tailed  tescs  used  for  all  negative  differences) 

•?  y/i 

10  V/« 

SSLll a 

D 

-  .075 

.075 

.066 

7  Hi 

SXll2 

.038 

* 

.068 

.042 

1 

1.975 

1.105 

1.587 

P 

.20<p>.10 

.20«p>.15 

.10<p>.05 

D 

-  .095 

-  .028 

0.0 

76  Hs 

.065 

.034 

t 

1.462 

.826 

P 

.30<p>.20 

.50<p>.40 

H.S. 

D 

-  .020 

.138 

l 

• 

o 

a> 

•vj 

76  Hs 

.051 

.049 

.072 

Hod. 

t 

.391 

2.816 

.917 

P 

. 80<p> . 70 

,05<p>.01* 

.50  p  .40 

D 

-  ,078 

.037 

.050 

76  Hs 
Mod.  + 

.069 

.089 

.106 

60  Hs 

t 

1.161 

.410 

.470 

P 

.40<p>.30 

.35<p>.30 

.35<p>.30 

D 

-  .023 

.057 

.010 

Carry- 

.019 

.047 

.081 

OVtt* 

t 

1.165 

1.217 

.124 

P 

.40<p>.30 

,15<p>.10 

p>.90 
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ONE-WAY  ANALYSIS  OP  VARIANCE  WITHIN  VOLTAGE 


TWO-WAY  ANALYSIS  OF  VARIANCE 
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(I)  ■  Iapimted 
(0)  ■  UnlaplMCed 


THREE-WAY  ANALYSIS  OP  VARIANCE:  VOLTAGE  LEVEL,  FIELD 
FREQUENCY,  IMPLANTED  VS.  UNIMPLANTED 
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ANALYSIS  OF  VARIANCE  FOR  ANIMALS  EXPOSED  TO  UNBALANCED  FIELD  MODE 
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Tabl*  13. 

Sf CARMAN  RANK-ORDER  CORRELATION  COEFFICIENT  BETWEEN 
CONTROL  IXT's  AND  CONTROL-7  Hi  MEAN  IXT  DIFFERENCE  SCORES 
(CW  and  Promt  Scud  lea  Coablnad) 


Animal 

Main 

Control 

ZRT's 

Eaok 

Dlff. 

Seorss 

Rank 

D 

D* 

K  (o) 

5.20 

1 

-.13 

1 

0 
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FIGURE  1 


INTER RESPONSE  TIME  «wrth  mc) 


1RT  (intevresponae  time)  hiacograas  art  ahovn  for  a  single 
subject  (Macaca  names trine)  arc  ahovn  for  field  (filled  clrdea) 
and  no-field,  control,  (open  clrdea)  aeaalona  at  1,  10  and 
S6  V/a  p-p  with  a-  7  tU  modulation  frequency.  Each  histogram 
vac  constructed  fromjthe  data  from  a  alngla  experimental 
session.  The  vertical  bars  Indicate  the  means  of  each 
distribution.  Reproduced  from  (5). 


30. 


The  i  <trag«  IRT  difference  between  field  and  control  sessions 
la  p.  yttad'aa  a  function  of  field  strength  In  V/n.  Reproduced 
fron  C5) . 


FIGURE  3 


4-  AMPHETAMINE  (rngAg) 


Ikw  It.  Him  *f  m 

555S&iggSSs 


•f  m*  »•»  m-t  ««*>**  gjS." 
M  MMk  urn— rim  *m  mm?.”" 


ta  Cm«t  «m  nm*”?  OU 


The  effects  of  external  stimulus  control,  in  tho  fora  of  a 
"behavioral  proathaala,"  on  parforaanca  on  a  DHL  aehadula 
are  llluatrated.  The  effects  of  the  adalnistration  of  d.- 
aaphetaaine  are  aboliahed  vhen  the  external  atlaulua  indi¬ 
cating  reinforceaent  availability  la  introduced.  Reproduced 
froa  (8), 


jONsnoau 


FIGURE  4 


tlhn  af  aNthyfaamwry  at  A*  pwfwmw  af  •  ptf  aa  *artte|  m  •  4**4- 
rnumdn  after  (fCN>  kWm  in  ■fckfc  aaly  mm  «f  aad  aim  nni<  m 

mU  pauMa  niafam ww>  tar  a  *Af*»  mywn  «  a  ma»<  key.  (Na  tfubw  ckup  «a» 
nihri  witlt  lima.  ar  aay  atKrr,  n»  k«agO«0  Tte  4ark  ten  tedkaw  wtefartad  rum.  f«w 
tOten  nniam  accwtd  aacfc  mk.  Pmp  t»|ian: ).)  wf  H|4|  by  aaatib  daily  Maaday 
itenfk  fiWiy  (wt«t  ate  U  a|  H|^Vf  Maaday  ate  frtday  iteaahw. 


Tha  affacta  of  »athyl  narcury  on  pl|aona  workint  on  an  TCH  8  or  9 
tch adult.  Raproducad  fron  (8),  data  fro«  (7). 


rZGUS£  3, 


n,.  mffmcta  of  an  axtaroal  diacriainativa  atimulua  (SD)  on 
Sjfo^nc.  on  on  FCN  or  9  achadul.  following  •dji^^ion 
of  aothyl  aarcury.  In  thin  axtanaion  of  Figura  4,  it  cm  bo 
•non  that  tha  introduction  of  on  axtavnal  diacriBinativa 
atiaulus  laada  to  tha  abolition  of  tha  Baaaurad  •**]**•£. 
Sa^hyl  Barcury  and  tha  ramovol  of  tha  «*tarnal  diacri^nj- 
Jiva  atiaulua  laada  to  thair  raappaaranca.  haproducad  fron  ( 
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EEC  POWER  SPECTRA 
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Animal  A.  R.  Hippocampus 

Control:  Corract,  Incorract  10  V/a  Sarlas  1 

7  Hz:  Correct,  Incorract  10  V/a  Sarias  2 

76  Hz:  Corract,  Incorrect,  10  V/a  Sarias  3 

MSK  (76  Hz,  frequency-modulated) :  Corract, 

Incorract  10  V/a  Sarias  4 

MSK  +  60  Hz:  Correct,  Incorrect  10  V/a  S  ties  5 
L.  Hippocanpua 

Control:  Correct,  Incorrect  10  V/a  Serle  6 

7  Hz:  Correct,  Incorrect  10  V/a  Series  7 

76  Hz:  Correct,  Incorrect  10  V/a  Series  8 

MSK  (76  Hz,  frequency-modulated) :  Corract, 

Incorrect  10  V/a  Sarias  9 

MSK  +  60  Hz:  Corract,  Incorrect  10  V/a  Series  10 
R.  Amygdala 

Control:  Corract,  Incorrect  10  V/a  Series  11 

Control:  Correct,  Incorract  56  V/a  Series  12 

7  Hz:  Correct,  Incorrect  10  V/a  Series  13 

7  Hz:  Corract,  Incorrect  56  V/a  Series  14 

76  Hz:  Corract,  Incorrect  10  V/a  Series  .  15 

76  Hz:  Correct,  Incorrect  56  V/a  Series  16 

MSK:  Corract,  Incorrect  10  V/a  Series  17 

MSK:  Corract,  Incorract  56  V/m  Sarias  18 

MSK  +  60  Hz:  Corract,  Incorrect  10  V/a  Series* 

MSK  +  60  Hz:  Correct,  Incorrect  56  V/a  Series  19 


RCM 

Control:  Corract,  Incorract  56  V/ca  Series 
7  Hz:  Corract,  Incorrect  56  V/a  Sarias 


*Data  lost. 


20 

21 


3 

I  ^ 

I  3 

i  < 
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76  Hz:  Correct,  Incorrect  56  V/n  Strict  22 
MSK:  Correct,  Incorrect  56  V/n  Series  23 
MSK  +  60  Hz:  Correct,  Incorrect  56  V/n  Series  24 

LCM 

Control:  Correct,  Incorrect  56  V/n  Series  25 
7  Hz:  Correct,  Incorrect  56  V/n  Series  26 
76  Hz:  Correct,  Incorrect  56  V/n  Series  27 
MSK:  Correct,  Incorrect  56  V/a  Series  28 
MSK  +  60  Hz:  Correct,  Incorrect  56  V/a  Series  29 

Animal  G .  R.  Hippocampus 

Control:  Correct,  Incorrect  10  V/a  Series  30 
Control:  Correct,  Incorrect  56  V/a  Series  31 
7  Hz:  Correct,  Incorrect  10  V/a  Series  32 
7  Hz:  Correct,  Incorrect  56  V/a  Series  33 
76  Hz:  Correct,  Incorrect  10  V/n  Series  34 
76  Hz:  Correct,  Incorrect  56  V/a  Series  35 
MSK:  Correct,  Incorrect  10  V/a  Series  36 
MSK:  Correct,  Incorrect  56  V/a  Series  37 
MSK  +  60  Hz:  Correct,  Incorrect  10  V/a  Series  38 
MSK  +  60  Hz:  Correct,  Incorrect  56  V/a  Series  39 

R.  Superior  Colliculus 

Control:  Correct,  Incorrect  10  V/a  Series  40 
Control:  Correct,  Incorrect  56  V/a  Series  41 
7  Hz:  Correct,  Incorrect  10  V/a  Series  42 
7  Hz:  Correct,  Incorrect  56  V/a  Series* 

76  Hz:  Correct,  Incorrect  10  V/n  Series  43 
76  Hz:  Correct,  Incorrect  56  V/a  Series  44 
MSK:  Correct,  Incorrect  10  V/a  Series  45 
MSK:  Correct,  Incorrect  56  V/a  Series  46 
MSK  +  60  Hz:  Correct,  Incorrect  10  V/a  47 


*Data  Lost 


L  aaLteki 

Control:  Correct,  Incorrect  1'  V/e  Sorias  48 
Control:  Correct,  Zneorroet  6:  v/n  Series  49 
7  Is:  Corrset,  laeorrset  10  V/  •.  Series  50 
7  Is:  Corrset,  Xneorrsct  56  V/ ..  Series  51 
76  Bs:  Correct,  Incorrect  10  V/a  Series  52 
76  Bs:  Correct,  Incorrect  56  V/a  Series  53 
MSI:  Corrset,  Incorrect  10  V/n  Series  54 
MSI:  Correct,  Incorrect  56  V/a  Series  55 
MSK  +  60  Bs:  Correct,  lacorrec:  10  V/n  Series  56 
MSK  +  60  Ht:  Correct,  Incorre.t  56  V/n  Series  57 
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An  i  w:il  f,  10  V/M 
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